The work of Ulstrom and his associates,"2 has described many of the features of ketotic hypoglycemia, a syndrome of sporadic hypoglycemia associated with ketosis in children. These investigators have described the following characteristics: hypoglycemia rarely occurred before 18 months of age; it usually occurred after poor dietary intake; acetonuria was present; this kind of hypoglycemia was seen in children who were small for their age and who had low birth weights, and it was associated with a depletion of hepatic glycogen stores. Most of their patients had normal intelligence and apparently outgrew the tendency to develop hypoglycemia by the time they reached adolescence. Blood sugar responses to glucose, glucagon, epinephrine, tolbutamide, leucine and ACTH were considered to be normal. However, when 14 of their 30 patients were given a ketogenic diet they developed symptomatic hypoglycemia within 24 hours, and then failed to respond to glucagon. In contrast, the control group did not become symptomatically hypoglycemic during the three days of an identical diet. On the other hand, Senior and Loridani have reported that both their patients with ketotic hypoglycemia and their control subjects became hypoglycemic in response to the ketogenic diet.
sugar, serum insulin, growth hormone, and free fatty acid levels following several different stimuli. This approach should assist in the definition and diagnosis of ketotic hypoglycemia.
During the past five years, 19 children with several different kinds of hypoglycemia have been studied in the Yale Children's General Clinical Research Center. The parents of all of these children were interviewed by the social worker. A recurrent theme in these interviews was parental anxiety about possible mental retardation in the children. Parents attributed this fear to predictive statements made by physicians at the time of the initial hypoglycemic episode.
All parents had responded to such predictions with heightened attention to the child's developmental accomplishments. Some had been prompted to offer intense stimulation and optimal learning experiences to promote development. Others, however, had subjectively experienced a sense of emotional withdrawal and detachment from the child akin to a partial mourning experience. Since early development can be adversely influenced by such parental detachment, and since reports concerning the effects of ketotic hypoglycemia on neurological and intellectual development have been conflicting,"2' it was evident that systematic evaluation of the development of these children was urgently needed.
MATERIALS AND METHODS

Patients studied
The pertinent historical and physical findings of eight patients with ketotic hypoglycemia* are shown in Table 1 . At the onset of the investigation all of the children who had been referred to the senior author because of hypoglycemia were studied. However, only the eight patients whose findings fit most of the following criteria were considered to have ketotic hypoglycemia: hypoglycemia associated with acetonuria, low birth weight, perinatal stress, relative short stature, marked variability in 12-hour fasting blood sugar levels, a rapid utilization of glucose despite normal levels of serum immuno-reactive insulin, and the occurrence of hypoglycemia within 24 hours after the start of the ketogenic diet (at which time most patients do not respond to glucagon stimulation). Five were males. Four of the eight mothers were 34 years of age or older when their children were born. During five of the pregnancies these mothers had experienced preeclampsia, toxemia or another significant illness. Five of the eight children * The studies were discussed in detail with each of the parents prior to admission by the senior author (J.G.) and later by the Research Social Worker (A.McC.). Signed consent was then obtained before the child entered the Clinical Research Center. weighed less than 2,500 grams at birth and seven of the eight patients experienced a great deal of stress during the neonatal period. Three had symptomatic hypoglycemia.
When the patients were studied, (at 8-38 months of age), seven were below the 50th percentile and five were below the 10th percentile for height. Cataracts 2) a profile of scores in the separate sectors of gross motor, fine motor, adaptive, language, and personal-social development; 3) an analysis of specific functions within the five major areas.
Among these are functions such as perception, memory, imitation, development of object relations, ability to solve problems; 4) observation of mother-child interaction in the structured test situation.
Escalona,"' Knobloch," ... Provence and others`have demonstrated that the examination can effectively identify those infants who will later manifest neurological and intellectual deficits and those who will not.
By the latter half of the first year, experienced developmental examiners with basic knowledge of pediatrics and infant neurology can rule out most of the common developmental disorders and establish the capacity for development within the normal range. Metabolic studies Twelve-hour fasting blood sugar levels* (Table 2) . Each value in this table represents a 12-hour fasting blood sugar taken after at least three days of good dietary intake (described above). The blood sugar levels have been arbitrarily listed in ascending order. The final column of the Table ( labeled Max-Min) represents the difference between the highest and the lowest 12-hour blood sugar value for each of the patients. Worthy of note is the great variability seen in the values of individual patients in all but possibly one (P.L.) of these children. The variations in 12-hour blood sugar values for these patients (Max-Min) ranged from 27 to 66 mg%o and averaged 49.4 ± 4.8 (S.E.M.). t /U/ml. ** Seizure activity. * Although glucose was measured using the glucose oxidase method, the term, "blood sugar" will be used throughout the paper in order to maintain a consistency with previously published data.
Twenty-four hour fast (Table 3 ). Blood sugar and IRI values obtained at four-hour intervals during a 24-hour fast are noted in this table. Six of these patients developed hypoglycemia (blood sugar less than 50 mg%o) after 20 hours; four developed a marked change in sensorium (extreme irritability, altered speech, impending or frank seizure activity), and four cases in which insulin was measured at the time blood sugars were low, also had IRI levels that were low.
Glucose and glucagon tolerance test (Tables 4 and 5 ). Blood sugar, IRI and FFA responses were as expected in all patients for the first 60 minutes following the glucose load. However, three of the seven patients had hypoglycemic blood sugar levels five hours after the infusion. All of the patients responded with elevated blood sugars when glucagon was given at the end of the glucose tolerance test. Rates of glucose utilization for each patient following the glucose load (KT) are noted in Table 5 . These values ranged from 2.57 to 3.15 and averaged 2.94 + 0.11 (S.E.M. Leucine tolerance test (Table 6 ). Not one of the eight patients developed hypoglycemia during the test and in no instance was the IRI level excessive in response to the leucine load.
Insulin and glucagon tolerance test (Table 7) . Two hours after infusion of insulin blood sugar levels were markedly below fasting values in four of the patients. Despite this, the patients tested responded to glucagon with notably elevated blood sugars. (One patient, A.K., did not have this test.) HGH and FFA also responded as expected. HGH levels increased at least twofold in response to insulin in each patient and in no case was there an excessive level of HGH at any time throughout the test.
Ketogenic diet (Table 8 ). All eight patients developed hypoglycemia within 20 hours after the onset of the diet, and in every case acetonuria was noted. All of the patients developed a significant change in sensorium (as described above) within 28 hours at which time the test was discontinued and glucagon was administered. Although glucagon stimulation was followed by a rise in blood sugar in only two of the patients, seizure activity was not persistent and glucose administration was not required in any of the eight patients.
Developmental studies Table 9 demonstrates that three children had entirely normal development, two manifested mild, specific developmental deviations, possibly re- (Table 10) . Seven children experienced perinatal stress, but there is clear evidence of associated CNS damage in only three. Precise data concerning the relative severity of the stress experienced by the impaired and intact children have not been available. 
DISCUSSION
Senior and Loridan' found that their patients with ketotic hypoglycemia, as well as their control patients, developed hypoglycemia in response to the ketogenic diet. This finding questions the very existence of this disease entity and therefore makes mandatory more precision of definition and diagnosis. In addition to the patients presented in this study, three other patients were given the ketogenic diet: one normal boy, one adolescent boy with an insulinoma and one three-year old girl with Beckwith's Syndrome. None of these children developed hypoglycemia within 48 hours after starting the diet.
Eight of the 19 children with sporadic hypoglycemia who have been referred to the senior author during the past four years have fulfilled our criteria for ketotic hypoglycemia. Therefore, we suggest that although ketotic hypoglycemia may be associated with other conditions,'7 it is a distinct disease entity and may represent the largest group of children with sporadic hypoglycemia. The present study verifies the following findings of Ulstrom, et al."': the patients present with hypoglycemia and acetonuria; the children are usually small for their age and most had low birth weights; hypoglycemia occurs within 24 hours after the start of the ketogenic diet at which time most patients fail to respond to glucagon stimulation. In addition, this study suggests that a stormy perinatal course, a marked variability in blood sugar levels during a 12-hour fast, and a rapid utilization of glucose despite normal to low levels of IRI are often present.
Five of these eight children had difficult gestational courses and seven had inordinate amounts of perinatal stress. Even though our sample is quite small, our experience indicates that this neonatal stress may well be an important stimulus for the development of subsequent ketotic hypoglycemia. Any suggestion of a mechanism whereby such stress stimulates the subsequent episodes of hypoglycemia would be highly speculative and therefore unwarranted at this time.
This concept of neonatal stress-induced hypoglycemia may gather together several types of hypoglycemia now classified separately: children born to toxemic mothers; children small for dates; cold-injured newborns and children with ketotic hypoglycemia. At first consideration this compilation may appear to contradict our thesis that ketotic hypoglycemia is a distinct entity. However, we suggest that each of these conditions may actually be ketotic hypoglycemia, the only difference being the specific type of neonatal stress in each case.
There was a marked variability of the blood sugar responses to the 12-hour fast. As noted in Table 2 , the maximum minus minimum 12-hour fasting blood sugar values for the eight patients ranged from 27 to 66 mg. per 100 ml. with a mean (+ S.E.M.) of 49.4 ± 4.8 mg. per 100 ml. Control data are not available. However, data presented by Danowski'8 for 17 children, 9-15 years of age, showed that the maximum minus the minimum values ranged from 0 to 46 mg. per 100 ml. with a mean (+ S.E.M.) of 10.9 ± 2.6. Although the data reported by Danowski were obtained from older children, they suggest that the variability demonstrated here may represent an abnormality in the control mechanisms governing blood sugar homeostasis. In addition, comparable inability to maintain normal blood sugar levels was noted when our patients were fasted 24 hours, at which time six of the eight became hypoglycemic, although insulin levels were low in the four patients where measurements were made.
Glucose tolerance testing revealed a very rapid utilization of the infused glucose (KT= 2.95% per minute) without any evidence of inappropriately elevated IRI or of abnormal FFA levels. Although control data are meager and less than ideal, Danowski18 has presented IV glucose tolerance data for 27 normal children 2-16 years of age. The (KT) value was 1.26 percent per minute for Danowski's patients. This contrasted with values of 1.67 to 1.80 percent per minute for adults"'-' and 1.03 for infants. Although various suggestions have been made, the pathogenesis of ketotic hypoglycemia remains uncertain. Ulstrom, et al."' have suggested that this type of hypoglycemia represents a failure to make one or more adaptations necessary to convert from a carbohydrate-burning to a fat-burning economy. Kogut, et al. ' have suggested that in patients with ketotic hypoglycemia, hyperketonemia fails to stimulate an increase in insulin secretion, thus failing to regulate hepatic ketone production and failing to preserve liver glycogen. However, there is no evidence that ketones ever stimulate IRI in man.22" ' Senior and Loridan' demonstrated that the rates of glycerol disposal were the same in their patients with ketotic hypoglycemia and in their control patients. They concluded that there was no abnormality in gluconeogenesis and postulated that children who developed this type of hypoglycemia have a relatively greater demand for fuel by the brain. Unfortunately, in considering the pathogenesis of ketotic hypoglycemia, it is important to note that glycerol provides only about 5%o of the substrate for gluconeogenesis ;" this study neither allows us to disregard a failure of gluconeogenesis nor does it give convincing evidence of the importance of increased glucose utilization by the brain.
These hypoglycemic patients demonstrate three findings which we cannot explain on the basis of any single mechanism: they have an increased utilization of blood sugar following glucose infusion; they have marked variation in their 12-hour fasting blood sugar levels and they usually do not respond to glucagon after becoming hypoglycemic in response to the ketogenic diet. These findings were not associated with: increased levels of serum IRI; abnormalities in plasma concentrations of FFA or a deficiency of serum HGH. In addition, from our experience and that of others"2'5 there seems little doubt that the tendency to develop this type of hypoglycemia lessens with age. Although the mechanism responsible is still unknown, this type of hypoglycemia may well be due to neonatal stress which induces a transient abnormality in the control of the "counter-regulatory principles" involved with blood sugar homeostasis. As defined by Freinkel and Metzger,' these principles antagonize glucose utilization in the periphery and activate hepatic glycogenolysis or gluconeogenesis or both.
There is little evidence that ketotic hypoglycemia either produces or is associated with mental retardation. Kogut, et al.' identified three of 13 ketotic children with I.Q.s or D.Q.s below 80, and three in the dull-normal range. However, no information is given concerning other potential influences upon the intellectual function of these children. In contrast, Ulstrom, et al."' reported normal intellectual development in 30 children with ketotic hypoglycemia. Our study revealed entirely normal intellectual function in seven of eight children and dull-normal function in only one. There was clear evidence of specific neurological dysfunction in three children, and possible mild, specific dysfunction in two others. However, since the incidence of such perceptual-motor handicaps in the general population has not been established, it cannot be stated that this finding is significantly associated with ketotic hypoglycemia.
Kogut, et al. ' have suggested the use of a specific diet and the daily testing for acetonuria in their patients with ketotic hypoglycemia. They also teach these parents how to estimate blood glucose levels with Dextrostix.® Although this approach may be warranted in some patients with frequent, severe episodes of hypoglycemia, we feel the condition is generally mild and warrants no further treatment other than: parental reassurance, the avoidence of prolonged fasts, the avoidence of excess dietary fats, and the need for breaking fasts with a low-fat content food. No medication is necessary. If concern about the child's development is expressed, careful evaluation should be arranged. Predictions without such evaluation serve no useful purpose.
SUMMARY
A study of eight children with ketotic hypoglycemia has made the diagnostic criteria for that condition more precise. These include the following: sporadic hypoglycemia associated with acetonuria; low birth weight; perinatal stress; relative short stature; marked variability in 12-hour fasting blood sugar levels; a rapid utilization of glucose despite normal levels of serum immunoreactive insulin; and the occurrence of hypoglycemia within 24 hours after the start of the ketogenic diet, at which time most patients do not respond to glucagon administration. The etiology and pathogenesis are discussed. In addition, developmental studies in these eight patients fail to demonstrate an association of ketotic hypoglycemia with mental retardation.
